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Description 

BIPOLAR TRANSISTOR HAVING RAISED 

EXTRINSIC BASE WITH SELECTABLE 
SELF-ALIGNMENT AND METHODS OF 

FORMING SAME 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates generally to a bipolar tran- 
sistor, and more particularly, to a bipolar transistor having 
a raised extrinsic base with selectable self-alignment and 
methods of forming the transistor. 

[0003] Related Art 

[0004] Bipolar transistors with Silicon-Germanium (SiGe) intrinsic 
base are the focus of integrated circuits fabricated for 
high performance mixed signal applications. The emitter 
to collector transit time of such a transistor is reduced by 
optimizing the Ge/Si ratio, doping profile, and film thick- 
ness of the epitaxy grown intrinsic SiGe base. The first 



developed bipolar transistors to take advantage of the 
SiGe intrinsic base had an extrinsic base formed by im- 
plantation of the silicon substrate. The performance of 
such transistors reached a limit as the emitter dimension 
is reduced due to loss of intrinsic base definition caused 
by the lateral diffusion of the extrinsic base dopants. To 
achieve higher electrical performance, the transistors 
must have a doped polysilicon extrinsic base layer on top 
of the epitaxy grown intrinsic SiGe base, i.e., a raised ex- 
trinsic base. Transistors with a raised extrinsic base on 
top of a SiGe intrinsic base have demonstrated the highest 
cutoff frequency (Ft) and maximum oscillation frequency 
(Fmax) to date. See B. Jagannathan et. al., "Self-aligned 
SiGe NPN transistors with 285 GHz f and 207 GHz f in 

MAX T 

a manufacturable technology,"IEEE Electron Device Letters 
23, 258 (2002) and J.-S. Rieh et. al., "SiGe HBTs with cut- 
off frequency of 350 GHz," International Electron Device 
Meeting Technical Digest, 771 (2002). 
[0005] FIG. 1A shows a prior art non-self aligned bipolar transis- 
tor 10 with polysilicon raised extrinsic base 12 formed by 
a simple method. In this case, an emitter 14 opening is 
formed with RIE etch through the oxide/polysilicon stack 
and stops on a dielectric layer (e.g. oxide) landing pad 18. 



Landing pad 18 is formed and defined with a lithography 
step prior to the deposition of the oxide/polysilicon stack. 
Fmax of such a non-self aligned transistor is limited by a 
base resistance (Rb) caused by the large spacing between 
the emitter 14 and extrinsic base 12 in intrinsic base 20. 
As can be seen in FIG. 1A, this spacing is determined by a 
remaining portion of the dielectric etch stop layer (or 
landing pad 18), which may be non-symmetric around 
emitter 14 due to lithography alignment tolerance. 
[0006] jo minimize base resistance Rb and achieve a high Fmax, 
the emitter and the extrinsic base polysilicon must be in 
close proximity. Such structure is shown in FIG. IB as a 
prior art self-aligned bipolar transistor 22 with polysilicon 
raised extrinsic base 24 and a SiGe intrinsic base 26. 
Transistor 22 is self-aligned, i.e., the spacing between 
extrinsic base 24 polysilicon and an emitter 30 polysilicon 
is determined by a sidewall spacer 28 rather than by 
lithography. A few different methods of forming a self- 
aligned bipolar transistor with raised polysilicon extrinsic 
base have been documented. U.S. Patent Numbers 
5,128,271 and 6,346,453 describe approaches in which 
the extrinsic base polysilicon over a pre-defined sacrificial 
emitter is planarized by chemical mechanical polishing 



(CMP). In these approaches, a dishing effect of the CMP 
process can lead to a significant difference in the extrinsic 
base layer thickness between small and large devices, as 
well as between isolated and nested devices. In other ap- 
proaches described in U.S Patent Numbers 5,494,836, 
5,506,427, and 5,962,880, an intrinsic base is grown us- 
ing selective epitaxy inside an emitter opening and an un- 
dercut formed under the extrinsic base polysilicon. In 
these approaches, the self-alignment of the extrinsic base 
is achieved with the epitaxial growth inside the undercut. 
Special techniques are required to ensure a good link-up 
contact between the intrinsic base and the extrinsic base. 
Each of the approaches described above has significant 
process and manufacturing complexity. 
[0007] | n V j ew of the foregoing, there is a need in the art for an 
improved bipolar transistor with a SiCe intrinsic base and 
with a raised extrinsic base in close proximity to the emit- 
ter, and a method of fabricating such a transistor that 

does not suffer from the problems of the related art. 
Summary of Invention 

[0008] a bipolar transistor with raised extrinsic base and se- 
lectable self-alignment between the extrinsic base and the 
emitter is disclosed. The fabrication method may include 



the formation of a predefined thickness of a first extrinsic 
base layer of polysilicon or silicon on an intrinsic base. A 
dielectric landing pad is then formed by lithography on 
the first extrinsic base layer. Next, a second extrinsic base 
layer of polysilicon or silicon is formed on top of the di- 
electric landing pad to finalize the raised extrinsic base 
total thickness. An emitter opening is formed using 
lithography and RIE, where the second extrinsic base layer 
is etched stopping on the dielectric landing pad. The pre- 
defined thickness of the first extrinsic base layer is used 
to distance the landing pad away from the intrinsic base, 
which allows the extrinsic base to emitter spacing to be 
determined by an oxide section formed in the first extrin- 
sic base layer. The degree of self-alignment between the 
emitter and the raised extrinsic base can be achieved by 
selecting the first extrinsic base layer thickness, the di- 
electric landing pad width, and the spacer width. In other 
words, the first extrinsic base layer thickness determines 
the lateral extent of the oxidation or wet etch of silicon 
below the remaining portion of the dielectric landing pad, 
which in turn determines the spacing between the emitter 
edge and the raised extrinsic base edge. The base resis- 
tance and the performance (i.e., Fmax) of the resulting 



transistor may be selected anywhere between that of a 
non-self-aligned and that of a self-aligned transistor 
having a raised extrinsic base. 

[0009] a first aspect of the invention is directed to a method of 
fabricating a transistor, the method comprising the steps 
of: forming an emitter landing pad over a first extrinsic 
base layer, the first extrinsic base layer being above an 
intrinsic base; forming an opening to the first extrinsic 
base layer, the opening generating a remaining portion of 
the landing pad to a side of the opening; oxidizing to 
form an oxide region in a portion of the first extrinsic 
base layer, the oxide region including an oxide section 
extending below a portion of the remaining portion; re- 
moving the oxide region within the opening and leaving 
the oxide section; and using the oxide section to deter- 
mine a spacing between an emitter formed in the opening 
and the first extrinsic base layer. 

[0010] a second aspect of the invention is directed to a transistor 
comprising: a remaining portion of an emitter landing pad 
that is distanced from an intrinsic base. 

[001 1] a third aspect of the invention is directed to a transistor 
comprising: an emitter; a first extrinsic base layer; a sec- 
ond extrinsic base layer electrically connected to the first 



extrinsic base layer; an oxide section in the first extrinsic 
base layer adjacent the emitter; and a remaining portion 
of an emitter landing pad that separates each of the first 
and second extrinsic base layer from one another adjacent 
the emitter. 

[0012] a fourth aspect of the invention is directed to a transistor 
comprising: an emitter extending through a remaining 
portion of an emitter landing pad to an intrinsic base; and 
an oxide section in an extrinsic base layer, the oxide por- 
tion extending below a part of the remaining portion, 
wherein a width of the oxide section determines an 
amount of base resistance. 

[0013] a fifth aspect of the invention is directed to a method of 
fabricating a transistor, the method comprising the steps 
of: embedding an emitter landing pad in an extrinsic base 
such that the emitter landing pad is distanced from an in- 
trinsic base; forming an opening through the emitter 
landing pad leaving a remaining portion of the emitter 
landing pad; forming an oxide section below the remain- 
ing portion; and forming an emitter in the opening such 
that the emitter extends to the intrinsic base. 

[0014] The foregoing and other features of the invention will be 
apparent from the following more particular description of 



embodiments of the invention. 
Brief Description of Drawings 



[0015] The embodiments of this invention will be described in 

detail, with reference to the following figures, wherein like 
designations denote like elements, and wherein: 

[0016] FIG. 1A shows a prior art non-self aligned transistor. 

[0017] FIG. IB shows a prior art fully self-aligned transistor. 

[0018] FIG. 2 shows a transistor including a raised extrinsic base 

formed according to the invention. 
[0019] FIGS. 3A-3I show a process to form the transistor of FIG. 

2. 

[0020] FIGS. 4A-4D shows steps of an alternative of the process 
shown in FIGS 3A-3I to form an alternate embodiment 
transistor as shown in FIG. 4DFIGS. 5A-5E shows steps of 
an alternative of the process shown in FIGS 3A-3I to form 
an alternate embodiment transistor as shown in FIG. 5E. 

[0021] FIGS. 6A-6B illustrate advantages of the selectable self- 
alignment feature of the invention. 
Detailed Description 

[0022] Referring to FIG. 2, a transistor 100 (hereinafter "transis- 
tor 100") having a raised extrinsic base 101 including a 
first extrinsic base layer 102 and a second extrinsic base 



layer 104, an emitter 106 and an intrinsic base 108 is il- 
lustrated. According to the invention, first extrinsic base 
layer 102 thickness can be varied to select the self- 
alignment between emitter 106 and extrinsic base 101 to 
be anywhere between non-self aligned and self-aligned. 
That is, transistor 100 may be selectively constructed 
such that it may be considered non-self aligned, self- 
aligned or somewhere in between, despite being gener- 
ated mainly by traditional non-self aligned techniques as 
will be further explained relative to the following descrip- 
tion, and in particular, FIGS. 6A-6B. 
[0023] Second extrinsic base layer 104 (hereinafter "second 

layer" 104) is positioned atop first extrinsic base layer 102 
(hereinafter "first layer" 102), and is electrically connected 
thereto. First and second extrinsic base layers 102, 104 
may extend in a horizontally overlapped fashion from 
emitter 106 to a common edge. First layer 102 has a first 
doping concentration and second layer 104 has a second 
doping concentration. In one embodiment, the second 
doping concentration of second layer 104 polysilicon (or 
silicon) is different than the first doping concentration of 
the first layer 102 polysilicon (or silicon). Alternatively, the 
doping concentrations may be the same, however, having 



different dopant concentrations allows for improved de- 
vice performance. An intrinsic base 108 is shown below 
first layer 102 and emitter 106. Transistor 100 also in- 
cludes a remaining portion 143 of a landing pad 128 that 
is distanced from (i.e., elevated from) intrinsic base 108 
by first layer 102. Emitter 106 extends through remaining 
portion 143 to intrinsic base 108. First layer 102 includes 
an oxide section 52 that is positioned below a part of re- 
maining portion 143, i.e., lower than and either to or un- 
der a part of remaining portion 143, and adjacent emitter 
106. Remaining portion 143 separates each of the first 
and second extrinsic base layer 102, 104 from one an- 
other adjacent emitter 106. A size (width) of oxide section 
52 determines an amount of self-alignment of transistor 
100. In particular, the size of oxide section 52 determines 
a distance or spacing between emitter 106 and extrinsic 
base 101, and accordingly is important in determining a 
base resistance Rb. Transistor 100 also includes a spacer 
110 and an oxide region 144 between emitter 106 and 
second layer 104. 
[0024] Referring to FIGS. 3A-3I, a first embodiment of a process 
to form transistor 100 (FIG. 2) will now be described. Re- 
ferring to FIG. 3A, a substrate 120 of, for example, crys- 



talline silicon is preliminarily provided. Substrate 120 has 
a collector region 122 and a collector reachthrough region 
121 to provide contact to collector region 122. Substrate 
120 also includes intrinsic base 108 formed therein, for 
example, by a contemporaneous epitaxy process or sub- 
sequent implantation. Other structure shown in FIG. 3A 
includes the required trench dielectric, shallow trench di- 
electric, sub-collector and collector implants, which are 
generated in a conventional fashion. Since these struc- 
tures are not relevant to the inventive process, they will 
not be discussed further. 
[0025] FIG. 3B shows initial steps of the process including de- 
positing a first polysilicon layer 124, which will eventually 
form first layer 102 (FIG. 2). First polysilicon layer 124 is 
preferably deposited as a doped polysilicon, however, the 
polysilicon may alternatively be deposited and then doped 
in any known fashion. First polysilicon Iayerl24 is de- 
posited at a predefined thickness, which as will become 
evident below, determines the amount of self-alignment 
of the resulting transistor. Next, a first dielectric layer 126 
is deposited. First dielectric layer 126 may be made of any 
now known or later developed dielectric material such as 
silicon dioxide, silicon nitride, etc. Each layer 124, 126 is 



deposited at least over intrinsic base 108. FIG. 3B also 
shows the initial step of forming landing pad 128 from 
first dielectric layer 126 using lithography. In particular, a 
photoresist 130 may be deposited, exposed and devel- 
oped. Etching may then proceed to remove first dielectric 
layer 126 outside of photoresist 130 to leave landing pad 
128 as shown in FIG. 3C. As a result of the above process- 
ing, landing pad 128 is distanced from (or raised) from 
intrinsic base 108. 
[0026] FIG. 3C also shows depositing a second polysilicon layer 
132 and a second dielectric layer 134. Second polysilicon 
layer 132 will eventually form second layer 104 (FIG. 2) 
that together with first layer 102 (FIG. 2) make up the 
thickness of entire extrinsic base 101 (FIG. 2). Second 
polysilicon layer 132 is preferably deposited as a doped 
polysilicon, however, the polysilicon may alternatively be 
deposited and then doped in any known fashion. As noted 
above, first polysilicon layer 124 and second polysilicon 
layer 132 may be the same or different. In one embodi- 
ment, first polysilicon layer 124 includes more dopant 
than second polysilicon layer 132, which allows for im- 
proved device performance. The provision of second 
polysilicon layer 132 causes landing pad 128 to be em- 



bedded in polysilicon layers 124 and 132, i.e., extrinsic 
base 101. Dielectric layer 134 may be made of any now 
known or later developed dielectric material such as sili- 
con oxide, silicon nitride, etc. 
[0027] As shown in FIG. 3D, a photoresist 136 is deposited, ex- 
posed and developed to include a mask opening 138. FIG. 
3E shows formation of an opening 140 using lithography, 
i.e., by using photoresist 136 and etching. Opening 140 
extends through second dielectric layer 134 and second 
polysilicon layer 132, and stops on landing pad 128. 
Opening 140 is smaller than landing pad 128. FIG. 3F 
shows further etching through the exposed part of land- 
ing pad 128 in opening 140 to form a pad opening 142 
that exposes first polysilicon layer 124 above intrinsic 
base 108. Etching may occur in the form of wet etching or 
selective RIE to first polysilicon layer 124. The etching 
leaves remaining portion 143 of the landing pad sur- 
rounded by first polysilicon layer 124 and second polysili- 
con layer 132. 

[0028] FIG. 3G shows an isotropic oxidation step within opening 
140 to convert exposed polysilicon areas to oxide. In par- 
ticular, oxidation forms an oxide region 144 to a side of 
opening 140 and an oxide region 146 in a portion of first 



polysilicon layer 124. Oxide region 144 extends between 
second dielectric layer 134 to remaining portion 143 of 
the landing pad. Oxide region 146 extends the width of 
pad opening 142 and below a part of remaining portion 
143 of the landing pad, i.e., lower than and to or under 
remaining portion 143. Oxidation is sufficient to ensure 
that oxide region 146 prevents contact of first layer 102 
polysilicon with emitter 106 (FIG. 2) that will eventually be 
provided in opening 140. The thickness and width of ox- 
ide region 146 is determined by the predefined thickness 
of first polysilicon 124. In one embodiment, oxidation is 
provided as a high-pressure oxidation; however, oxida- 
tion may be provided by other types of oxidation pro- 
cesses). 

[0029] As shown in FIG. 3H, the next step includes formation of a 
spacer 110 to the side of opening 140 in any now known 
or later developed fashion, e.g., deposition and etch back 
of silicon nitride, with the etching stopping on oxide re- 
gion 146. Spacer 110 narrows the size of opening 140. 
Referring to FIG. 31, oxide region 146 is removed within 
opening 140 to leave an oxide section 152. Removal may 
be made by, for example, wet etching. Next, emitter 
polysilicon 150 is deposited and oxide section 152 is used 



to determine the spacing between extrinsic base 101 (i.e., 
first layer 102) and emitter 106. FIG. 31 also shows struc- 
ture after further steps toward completion of transistor 
100 (FIG. 2). It should be recognized that the subsequent 
processing shown in FIGS. 31 is merely illustrative and that 
other processing may be provided to form emitter 106 or 
otherwise finalize transistor 100 (FIG. 2). 
[0030] Referring to FIGS. 4A-4D, an alternative embodiment for 
some of the steps of the above process is illustrated. One 
alternative step, shown in FIG. 4A, includes an alternative 
manner of forming first layer 102 after formation of in- 
trinsic base 108. In particular, during epitaxial growth of a 
doped SiGe intrinsic base 108, the germanium (Ge) may 
be turned off such that epitaxial growth continues to form 
doped first layer 125 to the predefined thickness. In this 
case, first layer 125 grows as doped crystalline silicon 
over SiGe intrinsic base 108 and doped polysilicon else- 
where. An advantage of this alternative step is that first 
layer 125 may be formed in the same chamber in which 
the epitaxial SiGe growth takes place. The result is an im- 
proved interface between first layer 102 and intrinsic base 
108. Another advantage of this alternative step is that the 
crystalline silicon of first layer 102 over intrinsic base 108 



and in between shallow isolation trench 123 has a lower 
resistance than first polysilicon layer 124 (FIGS. 3B-3I) in 
transistor structure in FIG. 2, which improves device per- 
formance. As before, first layer 102 may include a first 
dopant concentration and second layer 104 may include a 
second dopant concentration. The first and second dopant 
concentration may be the same or different. In one em- 
bodiment, first layer 102 includes more dopant than sec- 
ond layer 104. Having different dopant concentration al- 
lows for improved device performance. FIG. 4A also shows 
the subsequent formation of the raised landing pad, de- 
position of a second polysilicon layer 132 and second di- 
electric layer 134, and formation of emitter opening 140 
to form remaining portion 143 of the landing pad. 
[0031] FIG. 4A also shows another alternative step in that spacer 
110 may be generated prior to isotropic oxidation 141, 
shown in FIG. 4B. Spacer 110 narrows opening 140. In this 
case, oxidation does not occur on the sidewall of opening 
140, and only oxide region 146 is formed in first layer 
102. Oxide region 146 extends the width of opening 140 
and below a part of remaining portion 143 of the landing 
pad, i.e., lower than and either to or under remaining por- 
tion 143. 



[0032] FIG. 4C shows oxide region 146 removed within the open- 
ing by wet etching to leave oxide section 152. Next, as 
before, emitter polysilicon 150 is deposited and oxide 
section 152 determines the spacing between the extrinsic 
base 101 (i.e., first layer 102) and emitter 106. FIG. 4C 
also shows structure after further steps toward comple- 
tion of transistor 200 as shown in FIG. 4D. It should be 
recognized that the subsequent processing shown in FIGS. 
4C and 4D is merely illustrative and that other processing 
may be provided to form emitter 106 or otherwise finalize 
transistor 200. 

[0033] Referring to FIGS. 5A-5E, another alternative embodiment 
for some of the steps of the above process is illustrated. 
FIG. 5A shows formation of an opening 140 using lithog- 
raphy, i.e., by using photoresist (not shown) and etching. 
In one embodiment, opening 140 extends through second 
dielectric layer 134, second polysilicon layer 132, and the 
landing pad to form remaining portion 143, and stops on 
first polysilicon layer 124. FIG. 5A also shows formation of 
spacer 111. Spacer 111 protects the sidewall of second 
layer 132 during removal of first layer 124 inside opening 
140 as described below. 

[0034] FIG. 5B shows further etching through first polysilicon 



layer 124 above intrinsic base 108. Etching may occur in 
the form of wet etching or selective RIE through first 
polysilicon layer 124 stopping on intrinsic base 108. FIG. 
5B also shows the structure after removal of spacer 111 
(FIG. 5A) that served only to protect second layer 132 dur- 
ing etching of first layer 124. The etching leaves remain- 
ing portion 143 of the landing pad surrounded by first 
polysilicon layer 124 and second polysilicon layer 132. 

[0035] FIG. 5C shows deposition of a third dielectric layer 180 of 
oxide at least within opening 140. Third dielectric layer 
180 forms an oxide region 146 within opening 140. In 
addition, FIG. 5C shows formation of a spacer 110 to the 
side of opening 140 in any now known or later developed 
fashion, e.g., deposition and etch back of silicon nitride. 
The combination of a predefined thickness of third dielec- 
tric layer 180 and width of spacer 110 selectively deter- 
mines the amount of self-alignment exhibited by a result- 
ing transistor, as will be described below. 

[0036] FIG. 5D shows oxide region 146 is removed within open- 
ing 140 to form an oxide section 152. Oxide section 152 
is formed below remaining portion 143, but not directly 
under. Removal may be made by, for example, wet etch- 
ing. Next, emitter polysilicon 150 is deposited and oxide 



section 152 determines the spacing between extrinsic 
base 101 (i.e., first layer 102) and emitter 106. FIG. 5D 
also shows structure after further steps toward comple- 
tion of transistor 300 (FIG. 5E). It should be recognized 
that the subsequent processing shown in FIGS. 5D is 
merely illustrative and that other processing may be pro- 
vided to form emitter 106 or otherwise finalize transistor 
300 (FIG. 5E). 

[0037] Referring to FIGS. 6A-6B, show how the predefined thick- 
ness (of first polysilicon layer 124, first layer 125 or com- 
bination of dielectric layer 180 and spacer 110) can be 
varied to select the amount of self-alignment exhibited by 
a resulting transistor as will now be described. It should 
be recognized that while the two transistors shown in 
FIGS. 6A and 6B, denoted 100A, 100B, respectively, are of 
the FIG. 2 embodiment, the discussion that follows is ap- 
plicable to any embodiment. The amount of self- 
alignment allows for selection of performance (via base 
resistance) anywhere between that of a non-aligned tran- 
sistor 10 (FIG. 1A) and a fully self-aligned transistor 22 
(FIG. IB) having a raised extrinsic base. FIG. 6A illustrates 
a thinner predefined thickness such that oxide section 
152A is relatively narrow, and FIG. 6B illustrates a thicker 



predefined thickness such that oxide section 152B is rela- 
tively wide. Each figure also includes a conceptual base 
current flow line 190A, 190B, respectively. As shown in 
each of FIGS. 6A and 6B, current enters through emitter 
106, flows through intrinsic base 108, traverses an outer 
extremity of oxide section 152A or 152B to extrinsic base 
101 (i.e., layers 102, 104) and finally passes to silicide 
section 300. 

[0038] As base current conceptually flows through first layer 102 
in FIG. 6A as shown by line 190A, however, current must 
traverse remaining portion 143 of the landing pad be- 
cause of where oxide section 152A ends. In this fashion, 
transistor 100A is "quasi-self aligned" in that the narrow 
oxide section 152A determines the spacing between emit- 
ter 106 and extrinsic base 101, but remaining portion 143 
of the landing pad still effects current flow, i.e., the actual 
spacing. Since the size (width) of oxide section 152A, as 
determined by the predefined thickness, determines the 
spacing, the size also determines that part of transistor 
resistance associated with this structure. In particular, the 
width of oxide section 152A determines a current path 
length within intrinsic base 108 that current must traverse 
as it passes through extrinsic base layers 102, 104. A 



shorter current path in intrinsic base 108, and a shorter 
length of remaining portion 143, results in lower base re- 
sistance and better performance. As a result, transistor 
100A of FIG. 6A exhibits better performance and lower 
base resistance than the prior art non-self aligned tran- 
sistor 10 (FIG. 1A), but does not equal the performance 
and lower base resistance of a fully self-aligned transistor 
22 (FIG. IB). However as shown by line 190B in FIG. 6B, an 
oxide section 152B may be sized sufficiently, by increas- 
ing the predefined thickness, such that current does not 
have to traverse any of remaining portion 143. That is, as 
current flows through first layer 102 in FIG. 6B, current 
does not experience remaining portion 143 of the landing 
pad, and passes directly through extrinsic base layers 
102, 104 to silicide section 300. In this fashion, transistor 
100B is fully self aligned in that oxide section 152B (not 
remaining portion 143 of the landing pad) alone deter- 
mines the actual spacing between emitter 106 and the ex- 
trinsic base (e.g., layer 102 as illustrated), and accordingly 
that portion of transistor resistance associated with this 
structure. In other words, oxide section 152B has a thick- 
ness sufficient to prevent the current from having to tra- 
verse remaining portion 143. As a result, transistor 100B 



of FIG. 6B exhibits better performance and lower base re- 
sistance than transistor 10 (FIG. 1A) and transistor 100A 
(FIG. 6A). 

[0039] The invention described above provides a mechanism for 
a user to select the amount of self-alignment of a transis- 
tor by selecting the size of oxide section 52, 152A, 152B. 
It should be recognized, however, that a decision on the 
size of the oxide section represents a balancing of inter- 
ests between performance and fabrication complexity rel- 
ative to those embodiments in which polysilicon (FIGS. 
3A-3I) or silicon (FIGS. 4A-4E) is oxidized. More specifi- 
cally, while a larger oxide section 152B (FIG. 6B) provides 
for more or complete self-alignment and the correspond- 
ing performance advantages, fabrication of a thicker oxide 
section is more difficult in terms of oxidation of polysili- 
con or silicon (FIGS. 3A-3I and 4A-4E embodiments) be- 
cause more oxidation must be provided to ensure: a) ox- 
ide sections 152 completely cutoff contact to emitter 106 
by first layer 102, and b) oxide sections 152 are wide 
enough to extend below (lower than and either to or un- 
der) remaining portion 143 a sufficient distance. Problems 
of controlling the amount of oxidation must then be bal- 
anced relative to the desired amount of improved perfor- 



mance. In addition, in order to attain a uniform width of 
oxide sections 152, it may be necessary for emitter 106 to 
undercut a portion of spacer 110, as shown in FIG. 6B, 
which presents other fabrication concerns. The above 
concerns, however, are not present relative to the FIGS. 
5A-5E embodiment since the self-alignment is more 
readily controlled via the thickness of the third dielectric 
layer 180 and width of spacer 110 (FIG. 5C). 

[0040] while this invention has been described in conjunction 
with the specific embodiments outlined above, it is evi- 
dent that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, 
the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. For 
example, it may be possible to attain transistors 100, 200, 
300 by providing other processes. For example, it may be 
possible to form oxide section 152 and subsequently form 
the structure(s) above. 

[0041] what is claimed is: 



